This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



TH >S PAGE BLANK 



flJSPTO) 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
8 November 2001 (08.1 1.2001) 




PCT 



(10) International Publication Number 

WO 01/82837 A2 



(51) International Patent Classification 7 : A61F2/06 

(21) International Application Number: PCT/US0 1/40655 

(22) International Filing Date: 3 May 2001 (03.05.2001) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

60/201,732 



4 May 2000 (04.05.2000) US 



(71) Applicant (for all designated States except US): PER- 
CARDIA, INC. [US/US]; Suite 202, 10 Al Paul Lane, 
Merrimack, NH 03054 (US). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): BOEKSTEGERS, Pe- 
ter [DE/DE]; Burgwaldstrasse 44, 8691 1 Diessen A (DE). 

(74) Agents: GARRETT, Arthur, S. et al.; Finnegan, Hen- 
derson, Farabow, Garrett & Dunner, L.L.P., 1300 I Street, 
N.W, Washington, DC 20005-3315 (US). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
A2, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EE, ES, H, GB, GD, GE, GH, GM, 
HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, 
LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, 
MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, 
TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and A bbreviations " appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



= (54) Title: METHODS AND DEVICES FOR DELIVERING A VENTRICULAR STENT 



< 

00 




O 



(57) Abstract: The present invention pertains to a method, and related tools for performing the method, of delivering a stent or other 
like-device to the heart to connect the left ventricle to the coronary artery to thereby supply blood directly from the ventricle to the 
coronary artery. The method may be used to bypass a total or partial occlusion of a coronary artery. In a preferred embodiment, 
the inventive method of providing direct blood flow between a heart chamber and a coronary vessel includes placing a guide device 
and a dilation device through an anterior wall and a posterior wall of the coronary vessel and through a heart wall between the heart 
chamber and the coronary vessel, the dilation device forming a passageway in the heart wall at a location defined by the guide device, 
and placing a stent within the passageway. 
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METHODS AND DEVICES FOR DELIVERING A VENTRICULAR STENT 
BACKGBOl mn nt t HE |H|y FMTIn> , 
FIELD OF TH E INVFNT| f*l^l 

The present invention relates to methods and related devices for 
formmg a passageway in a hear, wal, and delivertng a stent therein to supply 
oxygenated blood flow to vaster smrcture from a chamber of the heart Zr 
exampie. the methods and refeted devices preferably place a stent i„ , he left 
ventncular heart wal. in order to establish a supply of blood from the teft 
ventricte to the coronary artery at a point distal a partial or total ocdusion of 
the artery. 

BACKGROI IMn QF THF Bp ITpn 

A prevalent form of heart failure involves the build-up of plaque on 
walls of various vascular structure, such as, for example, the coronary arteiy 
The plaque that builds up on the walls can form either a partial or tota. 
ocdusion in the arte*. Such an occlusion may either limit or completely btock 
*« I ftowmrough me arte*, whfch typicaily enters through the ao* vie 
tammeleftventricie. Because the coronary artery suppiies blood to the 
venous blood vessels wimln the muscle forming the hear, wall, limiting or 

l ^rt l ^ *~* ^ ^ ~" * 'o 

•he hear, muscle, such as, for example, necrosis. Necrotic tissue can lead to 

reduced cardiac functfcn by diminishing mepumping capacity ,C 

— -tances. the diminished ca P acr*o, me heart can lead to hearth 

^Venous techniques have been developed to treat this type o, heat 

ypass grafting (CABG), involves removfcg a vein or portion mere!™,! 
pa en., usually from the femora, vein, and grafBng me vein so as to 
rtons of me corona* arte* ups.eam and downstream of the occCon 

«. CABG generally ,s performed as an open surge* resulting in relatively 
long recove* times. Petients also often expenence a large ami, T 
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discomfort resulting from harvesting of the veins to be used in CABG. 
Furthermore, the veins that are grafted to the coronary artery have a limited 
useful life. 

Coronary angioplasty represents another form of treatment of arteries 
having occlusions that can be performed as an alternative to bypass surgery. 
In this technique, a balloon catheter is inserted percutaneously into the 
coronary artery. Once the catheter has been inserted such that the balloon is 
adjacent the occlusion being treated, the balloon is inflated to dilate the artery 
in the location of the occlusion. Often this technique involves inflating and 
deflating the balloon repeatedly to establish the desired dilation of the artery. 
This technique may include placing a stent in a collinear manner in the artery 
at the location of the occlusion to maintain the proper dilation of the artery. 
Delivery of the stent can be accomplished by removing the dilation balloon 
catheter and then inserting a balloon carrying the stent. A multiple balloon 
stent delivery catheter may dilate the artery and place the stent in a single 
insertion of the catheter into the patient. 

Another technique that has been used to bypass a partial or total 
occlusion of the artery includes implanting a stent, or otherwise creating a flow 
passage, in the myocardial wall between the left ventricle and coronary artery 
at a position downstream of the occlusion. In this technique, a portion of the 
blood pumped from the left ventricle flows directly into the coronary artery. 
SUMMARY OF THE INVENTION 

The advantages and purpose of the invention will be set forth in part in 
the description which follows, and in part will be obvious from the description, 
or may be learned by practice of the invention. The advantages and purpose 
of the invention will be realized and attained by means of the elements and 
combinations particularly pointed out in the appended claims. 

The present invention pertains to methods, and related tools for 
performing the method, of delivering a stent or other like-device to the heart to 
connect the left ventricle to the coronary artery to thereby supply blood 
directly from the ventricle to the coronary artery. In a preferred embodiment, 
a method may be used to bypass a total or partial occlusion of a coronary 
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artery. The inventive method is relatively quicker and Ip« • 

techniques as a result for «* , mVas,ve than oth *' 

*e patient to perfont , . CABG Moreover JlT , ^ 

nary vessel, formmg a passageway in the heart wall at , location define 
by .he guide device. and p,a ch8 . aent wj|nin ^ passaBewa ° Ca ^; 
2 «** insertion „,a hollow nee* thrcgh .heante";,™ 
Postenorwallorthecorona^vesse, and througnthe heart wa, p^ 1 

-^.ro,-^::^:^- 

™y he accomp„sned by viewing maiWngs on the ^ ^ "T 9 
^epth «, Insertion * .e ho»ow needle , de.en.nlng ~ 
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In an aspect of a method of the present invention, the passageway is 
formed with a dilation device, such as a sheath or an inflation device, which 
may be in the form of a balloon for example. Forming the passageway may 
include inserting a balloon into the location defined by the guide device and 
inflating the balloon. A catheter may carry the balloon over the guide device. 
The balloon is preferably deflated after forming the passageway and removed 
from the passageway after deflation. 

In another aspect of the invention, a stent is placed with an inflation 
device. The inflation device may be a balloon that carries the stent, and 
placing the stent includes inserting the balloon and the stent within the 
passageway and inflating the balloon. A catheter may carry the balloon and 
the stent over the guide device. 

In another embodiment of the present invention, the passageway is 
formed and the stent is placed by a catheter carrying a first inflation device 
and a second inflation device. The first inflation device may be a first balloon 
and the second inflation device may be a second balloon. The catheter is 
inserted oyer the guide device so that the first balloon is positioned in the 
location defined by the guide device. The first balloon is inflated to form the 
passageway and deflated after forming the passageway. The catheter then is 
further inserted over the guide device so that the second balloon is positioned 
in the passageway. The second balloon may carry a stent. The second 
balloon is inflated to place the stent within the passageway. 

According to another aspect, the invention includes a method of 
providing direct blood flow between a heart chamber and a coronary vessel 
that includes inserting an inflation device through an anterior wall and a 
posterior wall of the coronary vessel and into the heart wall, inflating the 
inflation device within the heart wall to form a passageway between the heart 
chamber and the coronary vessel, and placing a stent within the passageway. 
Inserting the inflation device may include inserting the inflation device over a 
guide device extending between the heart wall and exterior the heart chamber 
and the coronary vessel. 
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Yetanotheraspedofthemventionincludesadeviceformeasunngthe 
depth of penetration from an anterior wall of a coronary vessel to a heart 

chamber The device includes a hollow needle defining a lumen and having a 
d-sta. end and a proximal end. A depth indication mechanism is disposed on 
an external surface of the hollow needle and a handle is disposed on the 
proximal end of the needle. The handle inc.udes an inner portion in flow 
communication with the hollow needle and a portion of the handle is 
transparent so that Wood from the left ventricle that enters the handle from the 
lumen of the needle can be observed. 

According to yet another aspect of the invention, a device for placing a 
stent ,n a heart wall comprises a delivery tool configured to deliver the stent to 
a location within the heart wall and a stop mechanism disposed on the 
delivery tool such that the stop mechanism is proximate at least one end of 
the stent during delivery of the stent. The stop mechanism may be configured 
to engage a surface to determine the placement location of the stent within 
the heart wall. 

According to another aspect, the invention includes a device for 
Placement in a passageway between a heart chamber and a coronary vesse. 
The device includes a hollow conduit and a p,ura.ity of extensions protruding' 
from an end of the conduit. The p.ura.ity of extensions can include a pair of 
extensions at opposite sides of the conduit. 

The foregoing general description and the following detailed description 
are exemplary and explanatory only and are not restrictive of the invention, as 

BRIEF DESCRIPTION OF THE n D * w , H ^ 

a ^ aCCOmPanyin9 draWin9S ' WhiCh 3re inCOrporated in an <* institute 
a part of thrs specification, illustrate embodiments of the invention and 

together with the description, serve to explain the principles of the invention 

heartwa., between the .eft ventricle and coronary arte* downstrel of an 
occlusion in the coronary artery; 
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Figure 2 is an embodiment of a positioning tool for use in a method 
according to an embodiment of the present invention; 

Figure 3 is an embodiment of a double-balloon catheter for use in a 
method according to an embodiment of the present invention; 

Figure 4 is a device according to an embodiment of the present 
invention for use in accessing a heart chamber through a coronary vessel and 
for measuring the depth of penetration from the coronary vessel to the heart 
chamber; 

Figure 5 is an embodiment of a guidewire placed, according to a 
method of the present invention, so as to provide access to the left ventricle 
through the coronary artery anterior and posterior walls; 

Figure 6 is an embodiment of a catheter canying a dilation balloon and 
placed, according to a method of the present invention, over the guidewire of 
Figure 5 with the dilation balloon inflated to form a passageway in the heart 
wall between the left ventricle and coronary artery; 

Figure 7 is an embodiment of a catheter carrying a delivery balloon 
loaded with a stent, with the delivery balloon, inflated to expand the stent and 
deliver the stent to the heart wall between the left ventricle and coronary 
artery, according to an embodiment of a method of the present invention; 

Figure 8 is another embodiment of a catheter carrying a delivery 
balloon loaded with a stent, with the delivery balloon extending past the ends 
of the stent so as to form mechanical stops upon inflation of the delivery 
balloon, according to a method of the present invention; 

Figure 9 is an embodiment of a double balloon catheter of the type of 
Figure 3 shown with the dilation balloon inflated to form a passageway in the 
heart wall between the left ventricle and coronary artery, according to an 
embodiment of a method of the present invention; and 

Figure 10 is the embodiment of the double balloon catheter of Figure 9 
in an advanced position with the delivery balloon positioned in the heart wall 
and inflated to deliver the stent to the heart wall and the dilation balloon 
resting in the left ventricle in a deflated state, according to a method of the 
present invention; 
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dist,, F r re 18 a " e^,b0d^men, * 3 ShM,h havln ' a stop on a 

nr,r de,ivera ba " <,o,, ra!heier a —*« * ■ 

method of the present invention; 

Figure ,2 is an embodiment of a sheath and a doubie balloon catheter 
Hav, 8 a prox,ma, balfcon conned to inflate substantially horizontally wimin 

iTtT ^ '° ^ ' TOChanira ' ** T — "g to a 
method of the present invention; 

Figure 13 is an embodiment of a sheath and balloon catheter with a T- 
shaped delivery balloon for stent delivery according to a method of the 

present invention; 

Figure 14 Is a stent having extensions a, an end nearest the coronary 
artery, according to an embodiment of the present invention- and 

ste „, „,T reS ^ 15t M * ' S 3 m ^" fial passa ^^ h ^"8 the 
sten , Rgure 14. as seen from the coronary artery during systoie and 
diastole, respectively. 

DESCRIPTION np tup ppce T-RREQ 

stent «h,n the hear, wall between me M venmtfe and the coronary arteZ 
prov.de blood flow direcy therebetween. The novo, method general 

IT of establish,n9 3 * a — - « 

ve«e and the corona* arte*, creating me passageway and placlng . 
sten ,n me passageway. Each of these genera, steps will he des^bed ,n 
greater detail below. *wwea in 

_ Although me methods according <o the invent™ wil, be described with 
efe-ce to establishing direct blood flow between „,e ,eft ventricle and T 
antenordescendingcorona^arte*. connections between omerhear, 
stn^res and vessels to establish flow therebetween also are w«hi„ m6 

at e, T *" h68rt ' ^ »*■ 3 - conduit 

11 7 \ ' n, ° ** '° ^blish d,re«flow 

communication between two volumes esoerisiiv 

be difficult to access. " ^ V ° ,UmeS that ™* 
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F , ure 1 g enera,ly sho« a «~~~^ ^ si, 

aW CA a.apoin.a«ns,,eamo.a n — toeilher .he, e ft 
Co- « P*-* — "* CI "dudes other poss* 
-» W or *e corona* ^ " ™ LV and M ronary « OA. 

connection posies between the left ^ t ^ ^ 

SU ch as. foreman «*- C A » s 

coronary artery CA to the left venWeLV. TheP The antertor ^11 

,6 of the coronary arte* refers dlment , ^i, 12 lies 
interface with the neart *». In one preyed • 

art ery OA ana ft. exteHor surtax , * h-£- H ^ - ^ artery 

tv . as negate effects may resuft * con^M ° ft 

CA.as«e l lasbloodftowe».,n 8 condrt12rn^ um 
inslasi , ^^^'-^^^-l*-*. 

-.e^- r ^ r -— ; 

includes forming a passage .n the heart w D3ssage to establish direct 
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artery CA. A nlw l7£ h ^ ** «— » 

implanted stent, ho«o w needle 50 '"' heCaSeo,ana "9ulany 

preferably is emp | 0yed Anr ef , ' pos,t ' on,n 9 tool 

employed. A preferred embodiment of such * • 
shown in Figure 2. Positioning tool 20 is a hoi J 9 ^ * 

substantially rigid material pL * Preferab ' y made of a 
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ends 28, 30, and second portion 24 has an end 32 opposing end 30 and 
another end not shown in Figure 2. In use, portion 22 is inserted into the 
coronary artery and portion 24 extends outside of the heart with end 32 open 
and facing towards the posterior wall of the coronary artery and the heart wall. 
The user bends portion 24 relative to portion 22 at hinge 26 so that portions 
22 and 24 are at an appropriate angle. The user then can insert the hollow 
needle through portion 24 and into the heart wall at the desired angle. 

After hollow needle 50 has punctured both the anterior and posterior 
walls of coronary artery CA, and has traversed the heart wall to enter into left 
ventricle LV, it may be desirable to measure the depth of penetration of the 
needle and thereby determine the thickness of the heart wall from the depth of 
needle penetration. This determination will be used later when, for example, 
choosing an appropriate balloon length for forming a passage between the left 
ventricle and the coronary artery, and choosing an appropriate length conduit 
to place in the passage. Therefore, on its external surface, the needle is 
provided with a depth indication mechanism. A preferable depth indication 
mechanism includes providing graduated markings representing various 
lengths on a proximal end of the needle. Once the needle penetrates through 
the ventricular wall and into the chamber, causing a reflux of blood through 
the needle, the depth of penetration is measured by the marking adjacent the 
anterior wall of the coronary artery. To then determine the thickness of the 
ventricular wall, the diameter of the coronary artery at the insertion site must 
be subtracted from the depth of needle penetration. This coronary artery 
diameter may be determined preoperatively by appropriate imaging 
techniques. Preferably, the preoperative image will show the location of the 
occlusion, the appropriate location for insertion of the needle, and the 
coronary artery diameter at that location. 

An alternative depth indication mechanism includes an indicator 52 
slidably disposed on needle 50. An example of such an indicator is shown in 
Figure 4. Marker 52 defines an aperture through which needle 50 is inserted. 
The aperture preferably is sized such that marker 52 easily, yet controllably, 
slides along the length of the needle. That is, the aperture preferably is sized 
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such that marker 52 fricttonafly engages with the needle and thus cannot rfrt 
the need,e uniess a sufWen, force is applied ,„ the X Tark * 

sngth rem the dtsta, end * needle 50 to marker 62 r As a further attemle 

sitir 88 r be provwed ° n - — * - ~ 

ass,st ,n deten™,ng the depln 0 , penetration. Again, the actual thicks of 

artery <wh,ch preferably te determined usfcg a visual techn^ue. su7as 
echocard.ography for example, from the depth of penetrate measurement 

As a further alternative device and method for aiding the accurate 
delation o, the depth ofneedle insert™, the needle may include a 

^blepressure^nsducera.thetipoffteneedle.Thepressuretransducer 
WOUK sense the pressure of the M ventrtcle to accurately indicate wh ,T 
needie enters toe „, ventncle. Once such a pressure is Indicated. £1 
c^ene, rato „ J. determined by the gradual markings on the „ ^ 
needle, as explained above. 08 
. Aflerhollc* needle 50 has been inserted through me coronary artery 
CA and heart wall, and into the left ventricle LV. such , ha, a path ha^te 

deared angle and posting reiative to Interna, heart struts has I! 
created, a 9uW e M . re eo « 

preferably has a hp po rt ,on which is relatively flexible while the portion of the 
9u,de» re to be posted h the myocardium prefer „ rela ~ 
After the gu,dewire has been extended between the M ventricular chal 
a " d to - —*» M o, the coronary artery CA 1 £ ^ 

rr°'~— -ehea rt ::rrhr; 
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The next step of an embodiment of the inventive method includes 
forming a passageway in the heart wall atflie location in which stent 12 will be 
implanted. Preferably, the passageway will be formed using a dilation 
mechanism, and more preferably an inflatable dilation mechanism. The 
inflatable dilation mechanism can be positioned in the heart wall in a deflated 
configuration and then inflated to thereby dilate the heart wall, thus forming 
the passageway. A preferred inflatable dilation mechanism for forming such a 
passageway includes a balloon catheter 70, such as the one shown in Figure 
6. The balloon catheter can be fed over the guidewire with a dilation balloon 
71 in a deflated condition. Thus, the catheter carrying a deflated dilation 
balloon advances through the anterior and posterior walls of the coronary 
artery and into the wall surrounding the left ventricle. The catheter may be 
inserted until balloon 71 resides within the heart wall. Preferably, the balloon 
has a length corresponding to approximately the thickness of the heart wall, 
and more preferably greater than or equal to the thickness of the heart wall, 
as measured during insertion of the hollow needle with either the measuring 
devices described above or through the use of utlrasound or the like. If the 
length of the balloon is greater than the thickness of the heart wall, the balloon 
may be positioned such that the excess length extends into the ventricle. The 
diameter of the inflated balloon is chosen so as to approximate the 
dimensions of the stent, for example diameter and length, that is desired in 
the heart wall. To facilitate positioning of the catheter, and in particular the 
balloon, with respect to the heart wall, a visualization technique, such as 
ultrasound or fluoroscopy, for example, or a mechanical mechanism, such as 
a mechanical stop, which may be formed by the balloon itself as will be 
explained shortly, may be utilized. 

Once the catheter has been advanced such that dilation balloon 71 
resides substantially within the heart wall, an inflation mechanism (not shown) 
is actuated to inflate the balloon. Balloon 71 is inflated as necessary to dilate 
the heart wall, causing a passageway to be formed therein, as shown in 
Figure 6. The balloon preferably is made of a semi-compliant material to 
impart the appropriate dilation force to the heart wall. Preferably, the balloon 
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"* "* in " ated 10 a ^™ter corresponding to less „,-,„„,„_. 

extentof the balloon Thfeam™, , ,• „ roless » ,an lhe maximum inflation 

the desired d im "*"" i0n «" «"™sno„c. to 

me hear, wall and forr** a passageway having dJIT 

*es.ent,„ to ^a s .f6rmedpa SS a 5 ewayu s i„ 9asuteb , edel , v _ 
™»an,sm. In a prefem* embajlmen , ^ J 

*ereo . , mserted into the passageway formed in lne ^ ^ ^ 
the balloon carrying the stem « , s deflated ^ J™ 

deliver bail ^ 2 "** "* ^ *» o, 

mens,ons of the dehvery balloon correspond to the full 
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expansion of stent 12. Figure 7 shows the delivery balloon inflated to expand 
stent 12 so that it fills the passageway in the heart wall. 

In an embodiment of the invention, the length of delivery balloon 76 
exceeds the length of stent 12 while collapsed. Stent 12 may be loaded onto 
the delivery balloon such that the deflated delivery balloon extends beyond 
each end of stent 12, and preferably at least from the proximal end of stent 
12. As a result of extending beyond both ends of the stent, the balloon can 
expand during deployment beyond the ends of stent 12 and attain a dumbbell- 
like shape. In this manner, as illustrated for example in Figure 8, by 
manipulation of the catheter, the proximal end 76' of the inflated balloon can 
provide a mechanical stop against the posterior wall of the coronary artery so 
that the proximal end of stent 12 can be positioned within the passageway to 
lie substantially flush with the posterior wall. If the ballon also extends beyond 
the distal end of stent 12, the distal end 76" of the inflated balloon also can 
provide a mechanical stop against the heart wall so that the distal end of stent 
12 can be positioned within the passageway to lie substantially flush with the 
heart wall. Positioning of stent 12 substantially flush with the posterior wall of 
the coronary artery and the heart wall is preferable, according to one 
embodiment of the present invention, as was explained above to reduce the 
amount of stasis that occurs along the blood flow path from the left ventricle to 
the coronary artery and to reduce the risk of hematoma formation between the 
stent and the posterior artery wall. 

Other embodiments of the inventive method include using a sheath as 
a dilation mechanism to form the passageway in the heart wall and to deliver 
the catheter carrying the stent to the heart wall. In embodiments using a 
sheath, after positioning the guide device in the desired location in the heart 
wall, a sheath may be advanced over the guidewire and inserted through the 
coronary artery and heart wall. The sheath will dilate the heart wall to form 
the passageway. Graduated markings may be placed on the outside of the 
sheath to determine the depth of penetration in the heart wall. A stent to be 
delivered may be preloaded on a balloon catheter and inserted over the 
guidewire and through the sheath to the appropriate position in the heart wall. 
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in conjunct with this sheath delivery(echnique d 
-nous me cha„, sm , as shown for ex arop ,e in Figures , , 3 , efther a| ™ e Qr 

caheter „ d the ste* * re spect to the heart ^ ,„ (hese 8 h ° 
me ,nve„ to „, once „. shealh has ^ J"* of 

bea* wal, a*, , orm passageway , he shea(h ^ ^ » W-Hh. 

Refel 7 3 diS,a ' ° ,,he Sh6a,h - «»-y airy 

Refemng to F,gure , , . „. distal Bp of . ^ m ^ ^ » 

2 Z « 133 ""— ** «* - • *- basKetfcrexlp.e 

T*. baste. ,33 posfcns lhe dista , Bp of ^ shMth ,„„ ^ » . ■ 
«nd Axes this posita by engaging * either the posted or a„L w 

Once the sheath 200 is posted, the stent ™ y be ^ 0 ^7 
wa« by piaang s,en, , 2i us, dista, l0 the „ „ shealh 20fl T „ e ^ 
betweenthedis,a,,,po,shea,b200. ^^^^ 

* * ** «"* - top of stent 12 may be 

determ,ned by graduated markings on a po rtto „ of a balioon catheter , 32 
oaring stent ,2 and extending outside sheas, 200 
^ Afler W*tePo*ningofstent.,2.aioc«ngmechanis m r„ot 

be retracted or oomp re l " '° ^ ^ »— 133 - ™« 

Fi8 " re 12 another mechanism which may be employed to 

fac M atethepos i tioning of s.en.1 2 w», ntheheartwa „ lnthls ^ °, 

catheter ,42 ,s inserted overguidewire 60 and through sheath 200 L hi 
baiioon carter ,42 i„ dU des a dista, baiioon ,43 Jnyin^ and a 
smaller proximal balloon ,44. Proximal balloon 144 pre,e ra biv 1 h 
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catheter 142 is inserted such that proximal balloon 144 is past the distal tip of 
sheath 200, proximal balloon 144 may be inflated. This inflation causes 
proximal balloon 144 to expand substantially in a horizontal direction past the 
distal opening of the sheath and to engage the anterior and posterior walls of 
the coronary artery. This holds the balloon catheter 142 in an appropriate 
position to place stent 12 within the heart wall. Distal balloon 143 can then be 
inflated to deliver stent 12. By positioning the distal end of proximal balloon 
144 adjacent the posterior cornary artery wall and knowing the distance 
between the distal end of proximal balloon 144 and the proximal end of 
stent 12 on distal balloon 143, the depth of insertion within the heart wall may 
be determined. 

Figure 13 depicts the use of a T-shaped balloon in conjunction with a 
sheath delivery technique to assist in accurate positioning of stent 12 in the 
heart wall. In this embodiment, a balloon catheter 152 has a single T-shaped 
balloon 153, with stent 12 being carried by the lower, vertically-extending 
portion of the balloon 153. Sheath 200 is inserted, as described above, until 
the distal tip reaches the interior of the coronary artery. Balloon catheter 1 52 
carrying stent 12 then is inserted through sheath 200 and over guidewire 60 
until the upper, horizontally-extending portion 153a of balloon 153 is past the 
distal tip of sheath 200 and is within the coronary artery. Inflating balloon 153 
at this point creates a mechanical stop mechanism similar to small proximal 
balloon 144 discussed above. That is, the upper, horizontally-extending 
portion 153a of T-shaped balloon 153 engages with at least the posterior wall 
of the coronary artery to appropriately position the lower, vertically-extending 
portion 153b of balloon 153, and thus stent 12, within the heart wall. Once 
stent 12 has been delivered and placed within the heart wall, balloon 153 can 
be deflated and catheter 152 and sheath 200 removed. 

Regardless of the delivery technique employed, stent 12 preferably will 
be selected such that, upon full expansion, the conduit will have dimensions 
that cause the passageway in the heart wall to remain open, thereby creating 
a permanent passageway between the left ventricle and the coronary artery. 
Moreover, stent 12 preferably will have a length that approximately equals or 
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Left Ventricular Conduits." The entire disclosure of that application is 
incorporated by reference herein. 

In another embodiment of a flow controller, a stent may be used to 
create a natural valving mechanism to reduce the potential occurrence of 
backflow of blood from the coronary artery to the left ventricle during portions 
of the cardiac cycle, particularly diastole. This will be described in connection 
with Figures 14, 15a, and 15b. To create a natural valving mechanism, stent 
12 may include a pair of extensions, or struts 100, extending beyond the end 
of the stent nearest the posterior wall 14 of the coronary artery CA, as shown 
in Figure 14. Struts 100 preferably are approximately 180° apart from each 
other and each strut 100 may have a length of approximately .5 mm to 
approximately 1 mm. Struts 100 may be formed by removing portions of a 
stent between the struts or by any other suitable manner known in the art. 
Additional struts, or different placements or lengths of the struts, may be used. 
The stent used for creating a valving mechanism may be with or without 
additional struts as needed to keep the oval-shaped opening shown in 
Figs. 15a and 15b patent. In addition, the stent may be placed so that the 
portion of the stent (not including the struts) ends somewhat below the 
posterior wall 14 of the coronary artery CA, particularly during the diastolic 
phase of the cardiac cycle. 

This placement of the stent, along with the struts 100, causes natural 
valving to occur, as described with reference to Figures 15a and 15b. These 
Figures depict the passageway containing stent 12 in the heart wall, as 
viewed from the coronary artery looking into the passageway. Figure 1 5a 
shows the circular shape of that passageway during systole, and the position 
of struts 100. The arrows in Figure 15a depict the opening of the top of the 
passageway at the posterior wall of the coronary artery caused by the flow of 
blood from the left ventricle to the coronary artery. Figure 15b shows an oval 
shape of the end of the passageway nearest the coronary artery during 
diastole. The posterior wall of the artery flattens out around struts 100 due to 
a drop in diastolic pressure as compared to normal conditions because of the 
placement of the stent 12. This causes the coronary artery to collapse during 
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tend to cause a portion of the artery wall to retract to close the hole. To assist 
in this process, a small outer ring may be fixed to the outside surface of the 
artery. This outer ring may be formed of a suitable closure material, such as a 
suture or glue. The ring may be applied prior to removing the sheath, 
essentially using the outer surface of the sheath as an applicator. Once the 
ring is fixed to the outer surface of the coronary artery, the sheath may be 
removed. The ring may then retract the tissue surrounding the hole to close 
the hole in the coronary artery. 

As discussed above, the steps of dilating the heart wall using a balloon 
catheter to form the passageway and implanting the conduit can be performed 
by using separate catheters for each step, a first catheter carrying the dilation 
balloon and a second catheter carrying the delivery balloon and stent. As an 
alternative, a single catheter carrying both a delivery balloon and a dilation 
balloon and stent in a collinear manner may be used. If two separate 
catheters are employed, one carrying the dilation balloon and one carrying the 
delivery balloon, a catheter exchange technique is employed. That is, after 
the catheter carrying the dilation balloon has been employed to form the 
passageway in the heart wall, the dilation balloon will be deflated and the 
catheter will be slid along the guidewire and removed from the patient. Then, 
the catheter carrying the delivery balloon with the collapsed stent loaded 
thereon is inserted over the guidewire and into the correct position with 
respect to the heart wall, and the conduit is implanted as described above. 

If a single catheter carrying both the dilation and the delivery balloons 
is employed, the method is performed in the following manner. Figure 3 
shows an embodiment of such a catheter 40 having at least two colinear 
balloons, a first dilation balloon 42 at a distal end and a second delivery 
balloon 44 just proximal of dilation balloon 42. Figure 3 shows just the distal 
end of catheter 40. Both balloons are connected to suitable inflation 
mechanisms known in the art. The same inflation mechanism can be used to 
inflate both balloons or two separate inflation mechanisms can be used. A 
suitable, exemplary length of each balloon is approximately 30 mm, and a 
suitable, exemplary diameter of each balloon is approximately 2.5-3.5 mm. 
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dilating the heart wall. The stent in a collapsed configuration can be loaded 
onto the outer concentric balloon, and the concentric balloons can be used to 
deliver the stent into the passageway by inflating either one of the inner and 
outer balloons or both the inner and outer balloons consecutively. In this 
catheter, the outer balloon is configured to expand to a greater extent than the 
inner balloon. However, the inner balloon may be configured to expand to an 
extent large enough that allows the outer balloon, and thus the stent, to 
expand such that the stent fits the passageway formed by the distal, dilation 
balloon. The outer concentric balloon can optionally be inflated to further 
expand the stent and the passageway formed by the distal, delivery balloon if 
such expansion is needed. 

Other embodiments of the invention will be apparent to those skilled in 
the art from consideration of the specification and practice of the invention 
disclosed herein. The specification and examples are exemplary only, with a 
true scope and spirit of the invention being indicated by the following claims. 
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34. The method of claim 1, wherein the passageway is formed and the 
stent is delivered by a catheter carrying a first expansion device and a second 
expansion device. 

35. The method of claim 34, wherein the first and second expansion 
devices include inflation devices. 

36. The method of claim 35, wherein the first inflation device is a first 
balloon and the second inflation device is a second balloon. 

37. The method of claim 36, further comprising inserting the catheter 
over the guide device so that the first balloon is positioned in the location. 

38. The method of claim 37, further comprising inflating the first balloon 
to form the passageway. 

39. The method of claim 38, further comprising deflating the first 
balloon after forming the passageway, and further inserting the catheter over 
the guide device so that the second balloon is positioned in the passageway. 

40. The method of claim 39, wherein the second balloon carries a stent, 
and further comprising inflating the second balloon to place the stent within 
the passageway. 

41. The method of claim 37, wherein the second balloon is positioned 
within the coronary vessel when the first balloon is positioned in the location. 

42. The method of claim 41 , further comprising inflating the second 
balloon so that the second balloon engages at least one interior wall of the 
coronary vessel and inflating the first balloon, the first balloon carrying the 
stent. 

43. The method of claim 1 , wherein the delivering of the stent includes 
advancing the stent within the passageway until a stop mechanism engages 
the posterior wall of the coronary vessel. 

44. The method of claim 43, wherein the stop mechanism is 
provided proximate a proximal end of the stent. 

45. The method of claim 1, wherein delivering the stent includes 
engaging a stop mechanism with at least one interior wall of the coronary 
vessel. 
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